While the phase diagrams of the one-and multi-orbital Hubbard model have been well studied, the physics of real Mott insulators is often much richer, material dependent, and poorly understood. In the prototype Mott insulator V2O3, chemical pressure was initially believed to explain why the paramagnetic-metal to antiferromagnetic-insulator transition temperature is lowered by Ti doping while Cr doping strengthens correlations, eventually rendering the high-temperature phase paramagnetic insulating. However, this scenario has been recently shown both experimentally and theoretically to be untenable. Based on full structural optimization, we demonstrate via the charge selfconsistent combination of density functional theory and dynamical mean-field theory that changes in the V2O3 phase diagram are driven by defect-induced local symmetry breakings resulting from atomic-size and electron(hole) aspects of Cr(Ti) doping. This finding emphasizes the high sensitivity of the Mott metal-insulator transition to the local environment and the importance of accurately accounting for the one-electron starting Hamiltonian, since correlations crucially respond to it. Introduction.-After many decades of intense research, the V 2 O 3 phase diagram still stands out as a challenge in condensed matter physics [1][2][3][4][5][6]. Its canonical form (cf. Fig. 1 ) has been addressed many times both experimentally and theoretically [7]. At stoichiometry and at ambient temperature, a paramagnetic-metallic (PM) phase in a corundum crystal structure is stable. Driving the temperature below T N ∼ 155 K results in an antiferromagnetic-insulating (AFI) phase with a monoclinic crystal structure. Ti doping rapidly suppresses this low-T phase, whereas Cr doping stabilizes it, and, additionally, transforms the high-T PM phase into a paramagnetic-insulating (PI) one.
While the phase diagrams of the one-and multi-orbital Hubbard model have been well studied, the physics of real Mott insulators is often much richer, material dependent, and poorly understood. In the prototype Mott insulator V2O3, chemical pressure was initially believed to explain why the paramagnetic-metal to antiferromagnetic-insulator transition temperature is lowered by Ti doping while Cr doping strengthens correlations, eventually rendering the high-temperature phase paramagnetic insulating. However, this scenario has been recently shown both experimentally and theoretically to be untenable. Based on full structural optimization, we demonstrate via the charge selfconsistent combination of density functional theory and dynamical mean-field theory that changes in the V2O3 phase diagram are driven by defect-induced local symmetry breakings resulting from atomic-size and electron(hole) aspects of Cr(Ti) doping. This finding emphasizes the high sensitivity of the Mott metal-insulator transition to the local environment and the importance of accurately accounting for the one-electron starting Hamiltonian, since correlations crucially respond to it. Introduction.-After many decades of intense research, the V 2 O 3 phase diagram still stands out as a challenge in condensed matter physics [1] [2] [3] [4] [5] [6] . Its canonical form (cf. Fig. 1 ) has been addressed many times both experimentally and theoretically [7] . At stoichiometry and at ambient temperature, a paramagnetic-metallic (PM) phase in a corundum crystal structure is stable. Driving the temperature below T N ∼ 155 K results in an antiferromagnetic-insulating (AFI) phase with a monoclinic crystal structure. Ti doping rapidly suppresses this low-T phase, whereas Cr doping stabilizes it, and, additionally, transforms the high-T PM phase into a paramagnetic-insulating (PI) one.
In V 2 O 3 , vanadium is in the nominal V 3+ (3d 2 ) oxidation state. The corresponding electrons occupy the t 2g = {e π g , a 1g } triply degenerate (for each spin) orbitals in cubic symmetry, which split into a lower e π g doublet and an upper a 1g singlet in the trigonal crystal field (CF) of the corundum structure. In the low-T monoclinic structure, the additional low-symmetry CF component lifts the e π g degeneracy. At first glance, the experimental phase diagram shown in Fig. 1 seems consistent with a positive(negative) chemical pressure exerted by Ti(Cr) doping. It has therefore been routinely interpreted in terms of the standard picture derived from the Hubbard model: upon applying positive(negative) pressure, the band width W increases(decreases), and so does the ratio W/U , which controls the correlation strength and thus the tendency to form a metal. This picture has been accepted in many previous works and appears to be supported [4, [8] [9] [10] by a combination of density functional theory (DFT) and dynamical mean-field theory (DMFT) without charge self-consistency (i.e. one-shot scheme), [7] ), showing the paramagnetic metal (PM), anti-ferromagnetic insulator (AFI), paramagnetic insulator (PI), and metal-insulator crossover (CO) regions.
whereupon the correlation-enhanced CF splitting leads to a strong orbital polarization towards e π g already at stoichiometry. However, by finding still sizable a 1g filling at zero doping, this scenario has recently been questioned by angle-resolved photoemission [11] and charge self-consistent DFT+DMFT calculations [12] [13] [14] [15] . Thus the chemical-pressure effect is apparently too weak to explain key V 2 O 3 phenomenology. In addition, contrary to many statements in the literature, Ti doping actually leads to a volume increase [16] , although less so than Cr. Alternative causes for the metal-insulator transition (MIT) of first order have been postulated, related to disorder triggered by the doping [2, [17] [18] [19] [20] [21] [22] . Already early on, Rice and Brinkman [17] blamed doping-induced disorder and scattering for the metallicity breakdown. Indeed, recent ion-irradiation experiments revealed the sensitivity of the transition temperature to even a small concentration of defects [23] . However, while such a scenario would explain the fact that Cr doping leads to an insulating state, it fails to explain why the metallic phase extends to lower temperatures upon Ti doping.
In this work, we show that the key effects of Cr or Ti doping cannot be reduced to a chemical pressure. Instead, local symmetry breaking is essential for the metalinsulator transition in doped V 2 O 3 . This conclusion is based upon a first-principles study employing state-ofthe-art charge-self-consistent DFT+DMFT calculations on relaxed supercells with Cr or Ti doping. We emphasize that both a proper account of the structural and charge self-consistency effects on the realistic defect chemistry, as well as a precise inclusion of correlation effects, are essential for describing the physics of V 2 O 3 .
Structural aspects.-Our starting point for the DFT+DMFT calculations is the canonical two-formula unit-cell at stoichiometry (below called the 'stoichiometric' case), reported in Ref. [24] . We first address the global structural effects of doping (chemical pressure) by considering the same minimal unit cell, but with the crystal data for 2.8% Cr [24] and 3% Ti [16] doping ('expandedCr' and 'expanded-Ti' cases, respectively). As mentioned earlier, both of these have volumes that are larger than the stoichiometric system.
Next, we construct 80-atom supercells with one of the 32 V sites replaced by Cr or Ti, i.e., a 3.1% doping, with fixed lattice parameters of the corresponding measured materials, and atomic relaxation with DFT+U without constraining symmetry. Upon structural relaxation, two distinct differences between the two dopants become very relevant, namely the V-sites relaxation modes and the local symmetry. For Cr doping, the V ions near Cr shift towards the impurity, whereas the V-V distance of V ions further away from the dopant increases, both in line with experiment [20, 21] . For Ti doping, on the other hand, V ions are repelled from the impurity. Second, local monoclinic distortions are favored in Cr-doped V 2 O 3 , in agreement with experiment [18, 21] , but not in the Ti-doped compound. Details of the structural optimization are provided in the Supplementary Information [25] .
Paramagnetic metal-insulator transition.-A charge self-consistent DFT+DMFT scheme [12, 26, 27] is applied to the paramagnetic structures described above. The V-t 2g triplet defines the correlated subspace, with a Hubbard U = 5 eV and Hund's rule exchange J H = 0.7 eV [25] . Figure 2 shows the calculated spectral functions at two temperatures, T = 387 K and T = 193 K, for the various structures described above. Stoichiometric V 2 O 3 ( Fig. 2a shaded region) displays a bare trigonal CF splitting of 162 meV. It is a correlated metal with a renormalized quasiparticle (QP) peak and obvious Hubbard bands, in line with photoemission observations [28] . Based on the spectral weight of the lower Hubbbard band, the correlation strength appears to be somewhat larger at higher T . This is due to the small orbitaldependent coherence-energy scale in V 2 O 3 [10, 25, 29] ; when the temperature hits this scale, the low-energy QPs start to lose coherence and spectral-weight transfer to the Hubbard sidebands occurs.
We investigate now the effect of Cr doping (Fig. 2a,  left panels) . Notably, the 'expanded-Cr' case does not exhibit a tendency to gap formation (pink curves) contrary to earlier one-shot calculations [10] . Additionally, the orbital polarization towards e π g remains moderate (see Table I ) unless further lattice expansion beyond an experimentally-justified one is considered [12, 15] . However, a complete structural relaxation with impurityinduced local monoclinic distortions leads to a gap opening in the paramagnetic phase as shown by the disappearance of spectral weight at low energy (3.1% Cr, relaxed, black curves) without the need for further lattice expansion beyond the experimental values. The gap size of ∼ 100 meV (at T = 193 K) is in excellent agreement with experiment [28, 30] . While even the simple replacement of a single V ion by Cr, non-isovalent with V, already leads to a reduction of low-energy spectral weight and strenghtening of correlations (3.1% Cr, unrelaxed, green curves), the structural relaxation is required for opening the gap.
From analyzing the local spectral functions we find a complete MIT, i.e. no sign of orbital-selective behavior [9, 15] as shown in Fig. 2b left panel where the latticeaveraged V-e π g and V-a 1g function for the 3.1% Cr, relaxed structure (solid line) is plotted. We observe that even though the orbital polarization towards e π g is very strong (cf. Tab. I), a residual a 1g occupation remains at the MIT. Thus, the originally suggested correlationenhanced-CF mechanism [8, 10] is not entirely wrong, although it is mainly the additional monoclinic CF triggered by the explicit local-symmetry breaking effects of Cr doping (rather than the trigonal CF) that drives the MIT. Interestingly, the defect Cr-t 2g QP peak (dashed curve in Fig. 2b left panel) is located just at the bottom of the upper gap edge. Therefore, the charge gap occurs between nearly-pure V-e π g states (red solid curve), and t 2g states with considerable Cr weight (blue and red dashed curves). This prediction might be tested with inversephotoemission experiments. We also observe the formation of a Cr-like lower-Hubbard excitation at ≈ −2.8 eV (dashed curve) although the exact energy position depends on the structural relaxation details. This lowerHubbard excitation probably corresponds to a similar feature reported experimentally around −2 eV [28] .
For Ti doping ( Fig. 2a right panels) , the 3.1% Ti, unrelaxed structure displays significant tendencies towards a MIT (green curves), however, opposite to Cr doping, the structural relaxations favor metallic character with a shallow pseudogap at the Fermi level (black curves). At ambient T , reduction of the low-energy spectral weight and weakened metallicity after Ti doping is confirmed by photoemission [28] and optics [31] . The unoccupied QP Ti-t 2g peak is shifted far away from the Fermi level (Fig. 2b , right panel, blue and red dashed curves).
Let us proceed now with more details on the mechanism behind the Cr-doped MIT. First, as reported, structural aspects beyond chemical pressure play a key role. The (local) monoclinic distortions introduced by Cr even in the high-T phase lift the e π g degeneracy. The additional defect-driven bare CF splitting varies only between ∆ e π g ∼ 5−20 meV on the different V sites, but proves relevant to establish the PI phase. Multi-orbital Mott transitions driven by CF splitting have been studied in various model-Hamiltonian schemes [32, 33] . In fact, global monoclinic distortions in a smaller unit-cell setting, as encoded in the low-T experimental monoclinic structure at stoichiometry [34] , open a sizable gap in DFT+DMFT even without AF order (cf. Fig. 3 ). Further, we verify the recovered metallicity of the Cr-doped PI phase with applied pressure, as reported by Rodolakis et al. [35] . Interestingly, this stabilized metallic phase is not identical to the original stoichiometric one. Instead, it shows a sizable pseudogap and a large part of the Cr-induced strong e π g polarization is preserved. Finally, motivated by the original theoretical studies based on a small unit cell and the present findings of a relevant effect from the dopants' different valencies, the question arises whether there is a way to drive the PM-PI transition only by charge alteration. Note that we find the Ti valence to be closer to Ti 4+ (3d 0 ) than to Ti 3+ (3d 1 ) (see Tab. I), in agreement with the experiment [36] . Similarly here, the Cr oxidation state deviates from 3+ and is closer to Cr 2.5+ (3d 3.5 ). We find that modifying the effective V charge in the small corundum cell but keeping the trigonal symmetry (so that the e π g degeneracy is not affected) does not lead to significant changes. Instead, we choose to break the trigonal symmetry around V through a multi-site virtual-crystal approximation (VCA) for the oxygen ions. Treating true 8 O as 8±δ O in a total-charge conserving quasi-random manner within the canonical unit cell [25] results in a Mott transition for 'expanded-Cr' even for a tiny δ ∼ 5 · 10 −4 (see Fig. 4 ). This leads us to conclude that vanadium sesquioxide is highly susceptible to both doping-induced effects: the lattice distortion and the charge alteration.
DFT+U calculations.-We have established above that the charge self-consistent DFT+DMFT supercell calculations, which include local correlation effects, are capable of reproducing the experimental trends for both kinds of doping (Cr and Ti) when distortions around impurities and charge alteration are accounted for. At this point, it is instructive to ask which effects introduced by doping are already captured by an effective one-electron approach.
To this end, we analyze here whether the static mean-field DFT+U method shows the right trends of increasing(reducing) the low-T gap when doping V 2 O 3 by Cr(Ti). We use DFT+U with U eff = U − J = 1.5 eV to relax (with respect to atomic position and cell shape, but not volume) our minimal two-formula unit cells. Additionally, our already relaxed 80-atom supercells with impurities are further optimized with that protocol in order to realize now the low-T scenario. For all these structures, the band gap as a function of U eff is computed (Fig. 5) . When optimized at the volume of the experimental Ti-doped material, the undoped system has essentially the same gap as at the pure material volume, while at the experimental Cr-doped volume the gap goes down by about 0.07 eV. However, the same procedure applied to the relaxed supercells of the doped systems leads to a completely different behavior: for Ti doping the gap is reduced to essentially zero, while for Cr doping the gap increases slightly over the original pure material's band gap. We should point out that, for the purpose of uniformity, we have used the same optimization procedure for all compound scenarios. While a much larger U eff is needed to open a gap in the high-T corundum structure, in the optimized low-symmetry T = 0 AF structure the gap opens already at U − J 1 eV. These results demonstrate that the opposite, and qualitatively correct, trends of Cr vs. Ti doping are captured at the effective one-electron level. However, correlation effects as implemented in DMFT are essential to describe the PM-PI transition and distinguish between the less correlated undoped behavior and the more correlated Cr-doped case.
Conclusions.-Our charge self-consistent results show that the intriguing Cr-and Ti-doping phase diagram of V 2 O 3 is not driven by chemical pressure. On the contrary, the main factors are local structural distortions and charge-density modifications, both affecting the crystal field. In essence, introducing an additional monoclinic CF component further decreases the orbital degeneracy and thereby increases the electronic correlations within each orbital sector. For both dopant species, charge alteration apparently favors gap-opening tendencies. However, only in the case of Cr doping, local monoclinic lattice distortions further sustain those, while structural relaxations around Ti reinforce metallicity. The present findings are believed to be also relevant to interpret recent V 2 O 3 thin-film studies [37, 38] . We furthermore observe that whereas the CF effects are importantly enhanced by electron correlations, the described trends appear already at the one-electron level within the static mean-field DFT+U framework.
In summary, our results demonstrate the high sensitivity of the metal-insulator phase transition to the local environment in a prototypical Mott insulator and call for a revision of previous proposed scenarios.
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Supplementary information ELECTRONIC STRUCTURE METHODS
DFT+U.-We used the Vienna ab-initio software package (VASP) [1] version 5.4.1 within the generalizedgradient approximation given by the Perdew-BurkeEnrzerhof (PBE) exchange-correlation functional [2] , and the regular VASP projector-augmented waves (PAW) with 6 electrons in the valence for O, and the p-valence PAWs for V, Cr, and Ti, with 11, 12, and 10 electrons in the valence, respectively. All calculations used a planewave energy cutoff of 400 eV, and a k-point mesh equivalent to 4×4×4 for the 10-atom primitive two-formula unit cell. A spherically-averaged Hubbard correction with the fully-localized limit double-counting subtraction [3] is used. The value U − J = 1.5 eV is utilized for the structural relaxation. While smaller than this value of U − J is needed to reproduce the band gap (see discussion in the main text), we found it to yield a good equilibrium structure compared to experiment for the undoped compound.
DFT+DMFT.-The charge self-consistent combination of density functional theory and dynamical meanfield theory is used. For the DFT part, a mixed-basis pseudopotential method [4, 5] , built on norm-conserving pseudopotentials as well as a combined basis of localized functions and plane waves is utilized. The PBE functional is employed. Within the mixed basis, localized functions for transition-metal 3d states as well as for O(2s) and O(2p) are used in order to reduce the energy cutoff E cut for the plane waves. The correlated subspace consists of the effective transition-metal t 2g Wannierlike functions w n (t 2g ), i.e. is locally threefold. The w(t 2g ) functions are obtained from the projected-localorbital formalism [6, 7] , using as projection functions the linear combinations of atomic t 2g orbitals, diagonalizing the transition-metal w n (t 2g )-orbital-density matrix. The coupled single-site DMFT impurity problems in the V 2 O 3 crystal cells are solved by the continuous-time quantum Monte Carlo scheme [8, 9] as implemented in the TRIQS package [10, 11] . A double-counting correction of fully-localized type [3] is utilized. To obtain the spectral information, analytical continuation from Matsubara space via the maximum-entropy method is performed. About 50-100 DFT+DMFT iterations (of alternating Kohn-Sham and DMFT impurity steps) are necessary for full convergence of the supercell problems.
Former DFT+DMFT studies described the paramagnetic Mott transition in Cr-doped V 2 O 3 utilizing the expanded case and mostly employing two sets of local Coulomb parameters. Either U = 4.2 eV, J H = 0.7 eV were used [12] or U = 5.0 eV, J H = 0.93 eV [13, 14, 15] . While we confirm the MIT via the correlation-enhanced CF splitting in one-shot DFT+DMFT for the former, both sets appear to result in too weak correlation strength in the more elaborate charge self-consistent framework. This is understandable, since charge selfconsistency enables reduced correlations due to charge redistribution also incorporating ligand states. We hence choose U = 5.0 eV, J H = 0.7 eV to promote the correlation strength to experimentally-known measures. A 3 × 3 × 3 k-point mesh is employed for the supercell calculations.
STRUCTURAL APPROACH
Basic cells.-For the conventional primitive unit cells of V 2 O 3 we started off from the various experimental data (see Tab. II for a summary).
Supercells.-We have utilized supercells obtained by doubling the corundum unit cells in each crystallographic directions. Thus obtained supercells correspond to the net formula V 32 O 48 . Substituting one V by Ti or Cr results in 3.125% doping, comparable with the experimentally interesting ranges (see Fig. 6 ). For each case (Cror Ti-doped) we used experimentally-determined cell lattice parameters and volumes. In further structural relaxations within DFT+U for generating configurations for DFT+DMFT, the atomic coordinates are optimized with U eff = 1.5 eV. Introducing a single dopant atom into the 80-atom corundum supercell leads to 16 symmetryinequivalent DMFT impurity problems associated with the transition-metal sites.
Describing local monoclinic distortions.-Global monoclinic distortions occur in the insulating low-T regime of V 2 O 3 and are here representatively treated for the stoichiometric case. There, experimentally a four-formula unit-cell with I2/a space group is realized [17] . On the other hand, true local monoclinic distortions, especially at finite T , are hard to describe in a well-defined TABLE II. Utilized experimental V2O3 crystal lattice data (inÅ). The distance 'NN-V" corresponds to the nearestneighbor V (dimer) distance along the c-axis. The correspondance with the main-text nomenclature is as follows: 'stoich. corundum';'stoichiometric', 'stoich. monoclinic';'low-T monoclinic', 'Cr-doped corundum';'expanded-Cr' and 'Ti-doped corundum';'expanded-Ti'. manner within conventional first-principles approaches dealing with feasible supercell sizes. However together with the corresponding electronic-structure treatment, our relaxed supercells are already good structural approximants to V 2 O 3 phases with possible local monoclinic distortions, due to the three following reasons. First, the corundum structure serves as starting point for the structural relaxation. Standard relaxation of the atomic positions will most likely converge to the nearest minimum in the complex total-energy landscape. From a numerical viewpoint, there is no obvious reason to believe that such an unbiased relaxation will directly lead to the true structral ground state at low temperature. Instead, a local energy minimum will be realized, that is energetically comparable to true local-relaxation modes describable only in supercells of size ∼ 10 3 and more atoms. Second, the supercell lattice parameters are fixed to their experimental values (for 'expandeddopant') at elevated temperature. Hence, the very region where local-monoclinic relaxation may occur is imprinted in the supercell structures. Third, in the supercell DFT+DMFT calculations, the self-energy symmetry among the V sites is tied to the unrelaxed dopant corundum structure. In other words, further possible monoclinic symmetry breaking is computationally not accompanied with an increase of symmetry-inequivalent V selfenergies. This is to (partly) restore the global corundum symmetry at high temperature. Formally inequivalent V self-energies, resulting from monoclinic symmetry breaking, are thus averaged in the supercell calculations.
To underline our reasoning, Fig. 7 displays the DFT+DMFT result of applying the first and second argument to stoichiometric V 2 O 3 . There, the low-T structure is experimentally known and its spectral function can be compared to the ones of structural approximants obtained from relaxation of the known stoichiometric structure at higher T . The monoclinic low-T structure is verified to be Mott-insulating even from above the experimental T N up to the crossover temperature. Clearly, structural changes are necessary to drive a metal-insulator transition. Two structural approximants are constructed, starting from the stoichiometric high-T corundum structure and fixing the lattice parameters. The first approximant (A1) results from an unbiased straightforward optimization of the atomic positions as well as the cell shape. The second approximant (A2) is obtained from optimizing atomic positions and cellshape of a doubled corundum unit-cell and additionally fixing inversion symmetry (which old also in the true I2/a structure). Figure 7 shows that none of the approximants reaches the gap size of the experimental structure. While A1 displays a much smaller gap at low T , A2 remains metallic even at T = 193 K. This proves that structural relaxation from the corundum high-T structure does not lead to the true low-T monoclinic structure, but to some effective structure that should be a reasonable approximant to mimic local-monoclinic distortions in the corundum phase. We note that the obtained monoclinic CF values (i.e. energy splitting between the e 
DFT ELECTRONIC STRUCTURE OF CHROMIUM-DOPED V2O3
Orbital-resolved density of states.-On the DFT level, the orbital-resolved electronic structure of Cr-doped vanadium sesquioxide is as follows. Roughly speaking, the a 1g orbital mainly points along the crystallographic c-axis, where the corundum structure designates pairs of V atoms (though not readily in a dimer-like configuration as e.g. in VO 2 [19] ). Both e π g orbitals are more extended in the honeycomb ab-plane. The local density of states (lDOS) of low-energy (e π g , a 1g ) kind for the different structural cases is displayed in Fig. 9 . At stoichiometry with bandwidth of order 2.5 eV, the a 1g lDOS displays strong bimodal character, derived from bondingantibonding-like V-V chemistry. The e π g states are more highly filled and have sizable weight close to the Fermi level ε F . Subsequent modifications due to lattice expansion and Cr doping seem minor on this integrated DFT level. The bandwidth shrinks to ∼ 2.3 eV in the expanded case and the e π g peak structure at ε F becomes less split with Cr. The Cr-e π g defect states have more weight in the occupied part due to the larger Cr valency and a closer look reveals additional peaks at the lower a 1g band edge.
Moment analysis.-In order to obtain a most-compact insight on the defect influence from the DFT level, we performed a site-and orbital-resolved analysis of the electronic structure moments µ (n) . Here, the moments theorem [20, 21] , making use of the lDOS D im for transitionmetal site i and orbital m = (e π g , a 1g ), takes on the form
whereby α m := im|H (KS) |im denotes the onsite matrix element of the Kohn-Sham Hamiltonian. The nth moment is the sum of all electron paths with n hops on the lattice starting and ending at site i. Therefore, inspection of the various moments µ (n) im enables a welldefined account of the delicate electronic and structural defect-mediated modifications. Figure 10 shows the lowenergy moments up to n = 4 with respect to the V sites in distance to the Cr impurity. The zeroth moment is unity, while the first moment vanishes due to the cancellation by α m . We thus plot the crystal-field levels µ
(1) + α m , revealing the largely different values at the Cr site and the slightly increased vanadium values further away upon structural relaxation compared to the expanded structure. Yet the averaged CF splitting in the defect cases differs only marginally from the expanded case ∆ e ∼ 140 eV, both being somewhat smaller than at stoichiometry ∆ s ∼ 160 eV. Close to Cr, there is a sizable variation of the CF e π g levels, which then split into two branches with distance to the impurity. Thus importantly, the impurity with subsequent structural relaxation leads to a global lifting of the V-e π g degeneracy due to symmetry breaking. There is partly also some e π g splitting in the unrelaxed case, but much smaller (not shown). The second moment µ (2) im is directly related to the bond energy stemming from site i and orbital m. It becomes small close to Cr on the fixed corundum lattice, but is reinforced upon relaxations. Also here, the e π g sector splits in values above and below the expanded case further away from Cr. The skewness is associated with the third moment and the bimodal character with the fourth one. The latter displays a sizable peak in the a 1g channel for the V pairing with Cr, signaling an enhanced bonding-antibonding character. Concerning relevant length scales, the e π g moments mark a 'defect-core' around Cr, which includes 4 V sites with distance below 3Å behaving quite differently from more distant V sites. But importantly, there is also defect impact in a longer range, e.g. also seen beyond 20 sites for a further-distant V atom along the c-axis from the impurity site.
Hopping parameters.-The hopping parameters t mm ij = im|H (KS) loc |jm between transition-metal sites ij and t 2g -like projected-local orbitals mm are a further source of information. Along the c-axis, as expected, the a 1g − a 1g hopping is dominant between nearest neighbors (NN). It amounts to t Note that an obvious hoppingdriven mechanism underlying the metal-insulator competition with Cr doping cannot be extracted.
DFT+DMFT-VCA CALCULATIONS
For the investigation of symmetry breaking in V 2 O 3 within a standard-unit-cell approach via sole chargedensity effects, we start from the expanded-Cr corun- dum crystal structure [16] . The six oxygen basis atoms are differentiated by random means in two groups: 8+δ O and 8−δ O (cf. Fig. 11 ). Pseudopotentials with effective nuclear charge Z = 8 ± δ are constructed for these two groups of atoms. Performing DFT+DMFT computations on this lattice corresponds to a multisite virtual-crystal-approximation (VCA) for symmetrybroken defect-V 2 O 3 without positional changes. Using the expanded-Cr cell instead of the stoichiometric cell places the system closer to the Mott-critical point, and thus the critical value δ c becomes very small. However the stoichiometric-cell starting point yields the same qualitative result, with an increased δ c . Moreover, further different random 8+δ O/ 8−δ O patterns also render the system insulating, provided the symmetry-breaking nature of the pattern is ensured.
TEMPERATURE EFFECT IN STOICHIOMETRIC V2O3
In addition to the metal-insulator transition (MIT) with Cr doping, the V 2 O 3 phase diagram displays MITs with temperature. In the present context of this work, we focus on the high-T part of the phase diagram and do not deal with the transition to magnetic order at lower T . Then at stoichiometry, there is a transition to a crossover region at around T = 400 K beyond a critical point, where the differences between (incoherent) metal and insulator disappear. The question arises if sole coherence-scale arguments for the involved V-t 2g orbital account for this high-T behavior at stoichiometry. Figure 12 shows that stoichiometric vanadium sesquioxide in the ordered corundum phase remains metallic up to temperatures well above the experimental transition temperature to the crossover regime. However coherence-scale effects are visible, namely T -induced spectral weight transfer from low energy to the Hubbard sidebands, and a reduction of the QP-peak height at the Fermi level ε F . Right at ε F , the hump structure disappears when entering the experimental crossover region. Although for a detailed investigation of these effects a k-dependent study is needed, it becomes obvious that a (orbital-selective) localization of electrons due to complete loss of coherence via heating is not taking place in the perfectly-ordered structure. Rather, it is much more likely that the now T -induced creation of defects such as vacancies, anti-site atoms or (dynamic) lattice distortions becomes again relevant for the orbitalselective loss of coherence and the eventual destruction of the metallic state.
